I N T R O D U C T I O N
Tyzzer's original description of a fatal epizootic hepatitis in mice, known as Tyzzer's disease (Tyzzer, 1917) , has been confirmed by many reports as occurring not only in mice (Right et al., 1947 ; Hunter, 1971 ) but also in other species (Allen et al., 1965; Niven, 1968; Stedham & Buggi, 1970; Harrington, 1976) . The causative agent, termed Bacilluspiliformis by E. E. Tyzzer can be maintained by serial passages from mouse to mouse or in the yolk sacs of hen's eggs (Craigie, 1966) . Cultivation of this organism in artificial medium has not been successful (Fujiwara, 1978) , but Kawamura et al. (1983) reported the growth of the organism in a primary monolayer culture of adult mouse hepatocytes. The biological characteristics of this bacillus have not yet been analysed sufficiently.
Some antigenic determinants can be detected by complement fixation and immunodiffusion (Fujiwara, 1967; Fujiwara et al., 1971 Fujiwara et al., , 1973 Fujiwara et al., , 1974 , and immunological (immunoserological) investigations have been done by K. Fujiwara and co-workers, for example, on the antigenic differences between the bacterium-derived substances obtained from various species. However, these antigens were not sufficiently purified to permit detailed investigations of these immunological react ions.
It is important to assess these antigens, in relation to the pathogenesis of this disease. The purpose of this work was to purify and analyse antigens isolated from the livers of infected mice.
in serum with crude antigen (see below) and by direct immunofluorescence of frozen liver sections using FITClabelled mouse antisera raised against infected liver as described later.
Preparation of crude antigen. ICR mice were injected intravenously with 0.1 ml liver homogenate derived from mice infected with the bacterium causing Tyzzer's disease and diluted 1 :20 in saline. (The RT strain, kindly supplied by Dr K. Fujiwara, was maintained in our laboratory by 75 serial passages through mice, and after 50 serial passages it could induce a necrotic lesion in the livers of all injected mice without the need of a virulence enhancing agent such as cortisone). After 2 d, mice were sacrificed and 25 livers showing marked necrosis were harvested. Infected livers were weighed, homogenized after addition of five volumes of distilled water and sonicated (10A for a total period of lOmin, using a Kubota Insonator). The supernatant obtained after centrifugation at 27000g for 50 min (Hitachi 18PR, RPR 20 rotor) was used as the crude antigen solution.
Preparation of antibody for CF test and affinity column chromatography. The solubilized crude antigen was emulsified with an equal volume of complete Freund's adjuvant (Difco). One hundred ICR mice were each injected both intraperitoneally and intramuscularly with 0.5 ml and 0.1 ml of the mixture. After four weeks the animals were boosted using the same injection schedule. Four weeks later 0.5 ml of the antigen solution without complete Freund's adjuvant was injected intramuscularly. After a further 5 d, mice were sacrificed and ascitic peritoneal fluid as well as serum was harvested. The antibody level was determined by the C F test. The specificity was checked with immunofluorescence (see below). The labelling of antisera with FITC and staining procedures in immunofluorescence were performed according to the method described by Kawamura (1 977) .
CF test. C F tests were done by the following 50% haemolysis micromethod, the modified standard method of the Center for Disease Control, Atlanta, Ga., USA (Casey et al., 1969) . Briefly, dilutions of antiserum or antigen (0.025 ml volumes) were mixed in a microplate, and guinea pig complement (0.05 ml) with a unit value of 5 CH50 was added to each well. The microplate was kept at 4 "C for 18 h, 0.05 ml of EA (haemolysin-sensitized sheep erythrocytes) with a concentration of 0.85% of packed cells was added, and the sealed microplate was then incubated in a water-bath at 37 "C for 60 min. The degree of haemolysis was measured macroscopically. All dilutions were performed with gelatin veronal buffer, pH 7.2, containing barbital (0-03 M), sodium barbital (1.8 x M), NaCl (0-14M), with Mg2+ (5 x w 4 M ) , Ca2+ (1.5 x 1 0 -4~) and 0.1% gelatin (Mayer, 1961) . Antiserum diluted 1 in 5 with GVB was heated at 60 "C for 20 min, to inactivate complement. Both antigen and antiserum were titrated using this C F test in chequer-board titrations.
Sucrose density gradient zonal centrifugation. Using a Hitachi RPZ 35T rotor spinning at 900g, 200 ml crude antigen solution was layered via the core line on to a 10 to 40% (w/v) linear sucrose gradient containing 0.15 MNaCl which was followed by 50 ml saline overlay. The rotor was accelerated to 89400 g and maintained at this speed for 19 h, After deceleration to 900 g, 50 ml fractions (36 in all) were collected. Each fraction was dialysed against saline and concentrated to 10 ml with Diaflo (Amicon 8050 membrane YM10).
Affinity column chromatography. Antisera from mice immunized with crude antigen were fractionated to yield IgG by means of salting out with 50% saturated ammonium sulphate followed by DEAE-Sephacel (Pharmacia) column chromatography using 0.1 M-Tris/phosphate buffer pH 8.0. IgG (56 mg) was absorbed to 80 ml cyanogen bromide-activated Sepharose 4B (Pharmacia) using the method of Cuatrecasas et al. (1968) . Two groups of fractions containing antigen obtained from sucrose density gradient zonal centrifugation, fractions 4 to 8 (designated Fr. I) and fractions 26 to 30 (designated Fr. II), were separately applied to this affinity column, after dialysis against 0.1 M-Tris/HCI buffer pH 8.0. After washing the column for 24 h, when the eluate was confirmed to be protein-free by Azso measurements, bound antigens were eluted with 3 M-MgC1,. The eluted materials were designated Fr. I-AF and Fr. 11-AF.
SDS-PAGE. The molecular weights of polypeptides present in Fr. I-AF and Fr. 11-AF obtained by affinity column chromatography were determined by SDS-PAGE according to the method described by Laemmli (1 970). Briefly, 9% and 3% (w/v) polyacrylamide gels were prepared in 0.5 M-Tris/HCI buffer (pH 8.8) by using the following formula. Approximately, 2.5 ml gel solution was added to electrophoresis glass tubes (length 100 mm, inner diameter 5 mm). Samples of Fr. I-AF and Fr. 11-AF containing 2% (v/v) SDS and 5 % (v/v) 2-mercaptoethanol were immersed in boiling water for 1.5 min and applied to 9% and 3% gels, respectively. The electrode buffer was 0.025 M-Tris/glycine buffer (pH 8.3) containing 0.1 % SDS. Electrophoresis was performed at a constant current of 5 mA per gel until the tracking dye had migrated approximately 70 mm from the origin of the gel. Proteins were fixed by immersing the gel for 10 min in a mixture of 45% (v/v) methanol and 9% (v/v) glacial acetic acid, and then stained for 2 h in a solution of 0.025% (w/v) Coomassie brilliant blue in 7% (v/v) methanol, 5 % (v/v) glacial acetic acid. Destaining was done in 7% methanol, 5% glacial acetic acid with several changes.
The molecular weights of the antigens were estimated using the following protein standards of known molecular weight: RNA polymerase a, 39000; BSA, 68000; RNA polymerase p, 155000; RNA polymerase fl', 165000. As no bands were detected in samples of Fr. 11-AF, this material was analysed further on 6 to 15% linear gradient polyacrylamide gels as described by Hashimoto et al. (1983) and stained by means of silver staining (Merril et at., 1981) . Briefly, the sample was treated for 1 h in the dark with 0.0625 M-Tris/HCl buffer (pH 6.8) supplemented with 4% SDS, 14% (w/v) sucrose, 0.05% bromophenol blue and 20 mM-iodoacetamide, then it was heated for 2 min at 100 "C. A 6% to 15% linear gradient separation gel was prepared in 0.0375 M-Tris/HCI buffer (pH 8.8), and the stacking gel containing 5 % acrylamide and 0.13% bisacrylamide was prepared in 0.067 M-Tris/HCl buffer (pH 6.8). Electrophoresis was performed at a constant 210 V until the bromophenol blue dye band reached the bottom of the gels. The gels were fixed, rinsed and silver-stained. The molecular weights of the antigens were estimated using the following protein standards of known molecular weight: myosin, 200 000; y-globulin, 150 000; phosphorylase b, 92 500; BSA, 66 200; ovalbumin, 45 000; soybean trypsin inhibitor, 21 000; myoglobin, 17 800; cyanogen bromide-treated myoglobin, 8270 and 2250.
R E S U L T S
An tibody specgcity As shown in Fig. 1 , mouse antibody in direct and indirect immunofluorescence experiments could stain the necrotic lesions in frozen liver sections from infected, but not from uninfected animals; also, no staining was found in superficial traumatic necrotic lesions caused by dry-ice or hot metal burns, which were induced 3 d before sacrifice by direct contact. The FITCconjugated antibody could also stain the organism in impression smears from infected mouse livers. Using CF and agglutination tests, immune sera were shown to be free from other antibody activities against the main murine pathogens Sendai virus, murine hepatitis, Mycoplasma pulmonis, Corynebacteriurn kutscheri, Bordetella bronchiseptica and Salmonella typhimurium.
CF test of the crude antigen with the antiserum
Crude antigen diluted down to 1 :80 reacted positively with the antiserum diluted down to 1 : 80 (Table l) , though some anti-complementary activity was observed when either antigen or antibody were at high concentrations (both antigen and antisera diluted less than 1 : 5 ) . Uninfected liver homogenate as control showed no anti-complementary activity when diluted 1:5.
Sucrose density gradient zonal centrifugation
Sedimentation of a 20% (w/v) mouse liver homogenate by zonal centrifugation for 19 h at 89400g resulted in the separation of three major UV-absorbing fractions (A260 and A z s o ) as shown in Fig. 2, i .e. fractions 4 to 8 (4.2% to 11.8% sucrose), fraction 14 (19% sucrose) and fractions 27 to 31 (32.6% to 3543% sucrose). The CF test of each fraction with the antiserum 
ASJinity column chromatography
The elution pattern of the antigen from the affinity column is shown in Fig. 3 . In Fr. I-AF, significant amounts of antigen were detected, but in Fr. 11-AF only a small amount was recovered. After concentration, the antigen thus purified was titrated using the CF test. As shown in Table 2 the purified antigen obtained from Fr. I had a titre of 16 and that from Fr. I1 showed a trace reaction. Anti-complementary activity was observed in both purified fractions with antigenicity, particularly in Fr. 11-AF, but its titre was significantly lower than the C F titre. Figure 4(a, b) shows the results of SDS-PAGE with the preparations purified by affinity column chromatography. One major and two minor bands were observed in Fr. I-AF (9% 2  0  0  Tr  2  0  0  Tr  2  0  0  Tr  2  0  0  Tr  2  0  0  Tr  2 acrylamide gel). In Fr. 11-AF, one major and several minor bands were observed (6% to 15% linear gradient acrylamide gel). The molecular weights of the major bands from Fr. I-AF and Fr. 11-AF were estimated to be approximately 52000 and 66000, respectively. 
SDS-PAG E

DISCUSSION
Tyzzer's disease occurs in most mammalian species and is characterized by enteritis and hepatic necrosis (Tyzzer, 1917; Right et al., 1947; Allen et al., 1965; Hunter, 1971; Niven, 1968; Stedham & Buggi, 1970; Harrington, 1976) . The virulence determinants of the causal organism remain unknown. The bacillus is a sort of intracellular parasitic bacterium and does not grow in attifical media. To our knowledge there have been no attempts to obtain purified antigens to analyse their precise role in Tyzzer's disease. In the present work we have tried to purify the antigenic substances from the livers of infected mice and have used immune serum for checking Tyzzer's disease antigens with the CF test.
The fractions which were obtained from the sucrose density gradient zonal centrifugation fell into three main groups with different sedimentation coefficients, two of which (Fr. I and Fr. 11) reacted positively with antiserum in the CF test. We further purified these fractions by affinity column chromatography. The molecular weights of eluted fractions from each column were determined by SDS-PAGE. The molecular-weights of the main antigenic substances derived from Fr. I and Fr. I1 were estimated to be about 52000 and 66000, respectively.
The substance from Fr. I with a molecular weight of 52000 stained most strongly in SDS-PAGE and seems to be the main antigen detected by CF. This antigenic substance, probably a protein since it was stained by Coomassie brilliant blue and showed absorbance at 280 nm, is considered to be different from the 0 antigen (lipopolysaccharide) found in other Gramnegative bacteria which has a much larger molecular weight.
The antigen from Fr. I1 exhibited very high anti-complementary activity. This fact suggests that infection by the Tyzzer's organism may affect complement activity and this may act as a virulence mechanism.
It is not completely clear whether both antigenic fractions are derived from the bacillus itself. As seen in Fig. 1 the section of the infected liver stained with FITC-labelled antibody against infected mouse liver homogenate showed specific positive staining of a necrotic lesion, where no bacilli were detectable (Fujiwara, 1978) . However, non-specific necrotic lesions caused by hot metal or cold burns showed no fluorescence. These findings suggest that some of the staining may be due to tissue modified by the infection, perhaps due to an autoimmune phenomenon. It would be very interesting to compare antigenic substances obtained from the in vitro system and the antigens present in vivo to determine whether autoimmune phenomena are occurring in the natural lesion. If the bacillus could be successfully cultivated in a completely artificial medium, or monoclonal antibodies could be successfully produced against this organism, such problems could perhaps be clarified. For this purpose, it is also very important to carry out more immunochemical studies on the nature of important antigenic determinants.
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